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NSLS Upgrade Workshop 

OVERVIEW 

UPGRADE GOALS 
INTROki-ION TO SYNCH. RAD. 

ACCELERATOR DEVELOPMENT 

S. Krinsky 
October 23,200O 
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GOiLS: .NSLS UPGRADE 

l Keep NSLS vital and competitive 
Z for next five years 

*Assure NSLS is a leading 
synchrotron radiation facility 5-10 
years from now 
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KEY ISSUES: NSLS UPGRADE 

l Short term: 

I. Address reduction of PRT 
sup.port for beamlines 

2. Upgrade old beamline optical 
components 

3. Upgrade storage ring hardware, 

4. Upgrade insertion devices 

I . . 
Brookhaven Science Associates 

U.S. DeDartment of Energy 3 

KEY ISSUES: NSLS UPGRADE 

l Long term, provide: 

I. more straight sections for 
insertion devices; 

2. a source with smaller emittance, 
higher brightness; 

3. hard x-ray undulators; 

4. femptosecond x-rays; 5 
5. coherent (laser-like) sources. 
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.* .d :I. WIGGLER MAGNET 

‘INCREASE PHQTONS PER UNIT SOLID ANGLE 
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NSLS ACCELERATOR DEVELOPMENT 

0 Chastian-Gredn Lattice 

. Brightness Optimization 

. Bittner-Biscardi BPM Receivers 

0 Global Orbit Feedback Systems 

; Infrared Sources 

l Small Gap Undulators 
. l Time-Varying Elliptically Polarized Wiggler 

l BNL Photocathode RF Gun 

l High-Gain Harmonic-Generation Free- 
Electron Laser 

Brookhaven Science Associates 
U.S. Department of Energy 

NSLS~ESIGN philosophy 

G.K. Green: Maximize Source Brightness 
Photons/Sec/PhaSe Space Volume/Bandwidth 

-Require high brig’htness to have parallel 
- photon beam incident on small sample 

Design storage ring with small emikance 

ChasmaryGreen Lattice: 

Achromatic bends with zero dispersion 
straights for ins$rtion devices 

Brookhaven Science Associates 
U.S. Department of Energy 
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Ii'iSERTION DEVICES 

l Xl: Soft X-ray Undulator 
- Microscopy/Spectroscopy 

*x5: LEGS - Nuclear Physics 
l X13: R&D - ,Small Gap/Elliptically Polarized 

._ 
l X17: Superconducting Wiggler - Medical, . ._ 

High Pressure, Material Science 
0 X21: Hybrid ‘Wiggler - Inelastic Scattering 
0 X25: Hybrid Wiggler - Protein 

Crystallography/Scattering 
l u5: Spin Polarized Photoemission 
l U13: Soft X-ray Spectroscopy/S-3OeV Source 
l Infrared Bending Magnet Sources: 

U2, UkiR, UlO,U12 
l X9, X29: New In-yacuum Undulators 

I ?’ 
Brookhaven Science Associates 

,.//L? 

I U.S. Department of Energy 14 
BROoakM x*T*o,*KL LABORATORY I 

7 



. 
_.. 

. . 
Brookhaven Science Associates 

U.S. Department of Energy 15 

- 

Brookhaven Science Asso 
U.S. Department of Ene 



‘. 

GLOBAL ORiIT FEEDBACK SYSTEMS 

. The NSLS has developed the first global orbit feedback 
systems. These analog systems based upon harmonic analysis 
of the orbit motion reduced orbit fluctuations by more than an 
order of magnitude. 

9 Ongoing work is proceeding on the development of digital 
orbit feedback systems; allowing greater flexibility in the 
choice of algorithm, and hence further improvement in orbit 
stability. 

Brookhaven Science Associates 
U.S. Department of Energy 
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NEW IVUNis AT X9 AND X29 

l When we replace the RF Cavities at X9 
and X29, we will instzjli In-Vacuum 
Undulators at the center of the 
straights.-’ 

l These undulators will be of hybrid 
design, achieving higher fields than 
the pure pgrnianent magnet devices 
tested in the Xl3 straight. 

. . . 
Brookhaven Science Associates 
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NSLS Compared to “the world” 

I. Introduction; SR emission properties of 
bends, wigglers, undulators 

2: Flux 
3. Brightness- 
4. l%ect of bri hthess on three sp&ic 

techniques all using tindulators) . . 9 
A. High resin angle-resdlved photoemission n 

< - B. Zone-plate-based.soft x-ray pscopy 
C Hard x-ray’microprobe .’ 

.S. Hibert, 23 October 2000 

Gookhaven Science Associates 
U.S. Department of Energy 
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.Synchrotr& radiatiori prcl’perties r&levant to . \ 
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Diffraction Limited Brightness for Constant Field SR 

l/s 
Flux integrated aver all = 53xlO”E(G~v)I(~p)~,[malBI[% 

Verllcal angles [phhc] 

. 

Jii Murphy, NSLS 

. . 

Brookhaven Science Associates 
U.S. Deparfment of Energy 

FeaturesGf.Synchrotron Infrared 

a High brightness source: 
>2 orders of magnitude 
brighter than standard 
source for I R 

l enables. study of smd 
specikens and at long 
wavelengths. 
micmspecfrosco~y 

m Pulsed: enables time- 
resolved measurements 
across wide spectral . 
range., 
‘0 pump-probe specfmscopy 
9 -200~s resolution 

: 

Brookhav& Sciente Associates 
U.S. Department of Energy 
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Synchrotron radiation vertical opening angles 
in the infrared 

Brookhaven S&me Associates 
U.S. Department of Energy 

0.01 0.1 1 10 
hv k-l 

I 
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Flux of h&S today (2.8GeV,0.32& - _ . 

Bro&haven Science Associates 
Plioton energy 

U.S. Department of Energy . 6 
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ALS flux (0.4A) 

100 eV lkEV 1otev 1OOkeV 

Brbokhaven Science Associat& 
U.S. Department of Energy 
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APS fiux (MA) : 
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BPightness’of NSLS today’ . 
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Brightness cok.parison: NSLS (0.32A) Vs. ALS (0.4A) 

,, IOCV‘ uoev 

Brookhayn Science ksociates 
U.S. Department of Energy 
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Brightness comparispn: NSLS (0.32A) vs. APS (O.lA) 

lo- 

!10= 

10U 

1hV 

Brookhaven Science Associates 
U.S. Department”of Energy 
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Photon energy 
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Brightness comparison: NSLS (0.32A) vs. SPEAR3 
(0.2A) :: : . 

1oo*v lk*V ? 
hotoll Elliot 

1OOk.V 

Brookhaven Science Associates 
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Brightness comparison: NSLS today (0.32A) vs. new 
linac itijector (0.2A) 
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NSLS U13UB 5-3OeV bdamline: high-resolutiori ARPES 

Normal incidence monochromatqr (NW& resolving power > lo4 
Flux at sample: >3x1013 photons/sec/A/0.l%b.w. into TclOOmicron spot size .. 

Undulator brightness: >1016 photons/sec/A/inm2/mrad2/0. l?&.w. 

Title: /usersl/u6/hulbert/autocad/ul3ubAayout9.eps 
Creator: AutoCAD P S OUT‘ 
CreationDate: 1997-05-08 

- - 

. . 
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NSLS XIA: sdt x-ray scanning pscopy 

a*Zotie plate accepts only -h transverse phase space. 
’ C&is acceptance is - 100% vertically, but only -1% horizontally. 
iBrightness and count rates of XlA are -0.1 of 3rd generation: 

l XlA cti still perform v&y well; but 
.*NScS nekds greater brightness kdulators in the soft x-ray range. 

-.. 
Brbokhaven Science Associates .’ 

U.S. Department of Energy 
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Trakverse spatial coherence of SR sburces 
I% 

I_ . 
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%rAy pprobe using differentially-coated 
elliDtical mirrors* 

Kirkpatrick-Baez focusing geomelry : 
ZOm 

I 4 OS1 OS2 
PW or 
mJN souE--z 

0 

adulators 
da fi 

Fcius limitations: -10, 2 
RW dbl,m*n oti Of rocol ptm;c 

: * ‘2 
1. Large 
Horizontal 

IT\.=/ 
H Flux limitation: 

overfilling of 
emittance P‘ horizontal mirror 

: 

limitatinn; 

‘___. ._ -. 
1 “IEY!qa$i$ 

(OE2). Cannot 
2 larger 

-I-- -*’ f 
iterfering 

. . . . . . . ..’ with OEl or 

- - .iJ$&y;fg 

*Be&e Technology CO&; R&D 100 Award, Sept 2000 
experimental 
endstation -. 

Brookhaven Science Associates 
U.S. Department of Energy 19. XE%?2dkY 
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Worldwid6’~ompenditim ofx-ray yprobes 
Gene Ice, Ol33& 

I 
C.C.Kao/J. kao@!bnLgov 
Ablett 

I 4 

*‘Need higher brightness x-y7 ~yndulafo’s at NSLS 

Brookha& Science Associates 
*. . 

,U:S. Department of Energy 
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Sumtiaty: NSLS VS. “the world” 
bar-IR VUV Soft x-ray Hard x-ray 
spectroscopy spectroscopy pscopy *copy 

Brightness > 3! gen. -0.1 x 3rd -0.1 x 3rd -0.01 x 3rd 
ratio SR g-en. SR gen. SR gtin.SR . 

-_ _’ 
Count rate -1 x 3* -0.1 x 3rd -0.01 x 3rd 
ratio 

> 3rd gen. 
SR ; gen. SR gen.SR gen. SR 

Want shorter Want shorter Want smaller Want 
pulses for pulses for emittance (by smaller 
spectroscopy spectroscopy factor 210) emittance 
and smaller- and smaller 3GeV source (by factor 
emittance for emittance for 2100) 6GeV 

-.. ‘l.=oPY lJ=oPY source. 
Brookhaven Science Associates 

U.S. Department of Energy il $E%E&iE!Y 
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“Science with 
Synchrotron Radiation” 

Chi-Chang 
. . 
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Science with Synchrotron Radiation 

-High/igh 8s from AM S 

Prepared by Chi-Chang Kao. 

. . . . 
Brookhaven Science Associates 

U.S. Department of Energy ~ 

NSLS User$by Field of Research (1990-2000) 

Numbat of Users 
- 

mo 

,.f...&g;;--icy . . . . . . . . . . ..~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ . . . . . . . . . . . . + . . . . . . . . . . . . . . . . ..__.....” . . . . . . . . :___ . . : . .._......_.___..................................................................... y+--’ . . . . . . . . . . . . . . . . . . . . . . . . . . ..__._....................” . . . . . . . . . . . . . 
iChcmicalSciencas 264: 364: 3031 318; 32,: 2811 2921 285; 268: 265; 244: 
: . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . I . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..t......................... * . . . . . . ..-... . . . . . . . . . . . . . I . . . . . . . . . . . . (~...““......:............ v . . . . . . . . . . . . . 
IMaterials Sciences 837: 993; 8821,104; 9291 952: 916j..902: SI4i 8191 8421 : . . .._............__.......................................... / . . . . . . . . .._...........~ .._........__ > . . . . . . . . . . . . :_ . . . . . . . . ...) . . . . . . . . . . . . ?.- . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . <.............:............ 9”“““““: 
iLife Sciences 62: 167: 286: 354: 503: 548: 6421 70,: 761; 88,: 9533 
; . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7f.......ii 
iGeosciences and Ecology 

a..~~~~~ ,...” . . . . . . . i . . . . . . . . . . . . . . . . . . . . . . . . . . ,............ ~ . . . . . . . . ...” . . . . . . . . . . . . v . . . . . . . . . . 
801 113: ,061 ,231 136; ,47! ,471 I771 

,.......... :‘........... :” . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . :..~~;~~~~~~~~~~~~~~~~~~~~~~~~~:~:~~~~~~~”.~~~~~~~ 
iApplIed Ss,cnce and,Engmeerlng I’~~~~ea~Ei’;;c~~~~~~~~~~, Ph~,i=ics .._.................,.............. y”“i....“5g...~~3 :.... ~&“..?‘~g-T~i$--~~~$ . . . . . . . . . . . . . . . . . . . . . +. . . . . . . . . . . . . . . . . . . . . . . . ( , 36 i , 3I : I38 i , 62 I 

: . . .._..____................................................... 
iNone Spa.5fled 

. . . . . . . . . . . . . . . . . . . . . y....6:~~~~o . . . . . . . . . ~~~~~~~~~~~~~~~~~~~: : 

!‘+.&i”““““““““““““” . . . . . . . . . . . . . ...” . . . ...’ 
i ,550: 1725; ,897: 2193; 2228: 2206; 226Ij?320: 2380; 241612561; __........: . . . . . . . . . . . . * . . . . * . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . % . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..___........ . . . . . . . . . . . . . . : . . .._._.._........__..................................................... 
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NSLS leads the wOrld lit scierMc productivity 

BESAC Review of SR Sources and Science 
“Birgeneau Report” - Spring; 1997 

: 

L- - BESAC Review of ALS - March 29,200O 

‘. ._ 
Brookhaven Science Associates Bl3OO~h 

x4T1OUAl. IARO~ATZTORY 
s. U.S. Department of Energy 

/ 7. 

Biq&eau k?eporf/ 19904996 

__ Nature 
.- 

NSLS: 51 

SSRL: 17 

. 
‘Science Phys. Rev. Lett. . 

NSLS: 55 ’ NSLS: 234 

SSRL: 27 SSRL: 49 

.< ’ 

Brookhaven Science Associates snro~m~m 

U.S. Department of Energy 
anrr~p L\BORATORY 
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NSLS 1997- 1999 Publications in 
Nature, Science and Physical Review Letters 

1997 1998 1999 

Science: 16 ; Science: 15 Science: 8 
(E31O,G4,Pl) (Bll,W (B4,G3,Pl) 
Natire: 8 Nature: 16 Nature: 7 
~WLW (B13,GZ,Pl) o34,Gl,P2) 

, Phys.Rev.Lett: 19 Phys.Rev.Lett: 18 Phys.Rev.Lett: 18 

._ 
Brookhaven Science Associates 

U.S. Department of Energy 

NSLS lead&&e world in scientific productivity 

-The spectral range covered by the NSLS extends from 
-far-infrared ( 1 meV) to gamma-ray ( 100 keV ) 

-innovation and improvement in source and technique 

- A large and diverse user base 

-Intangibles: stimqating environment, flexibility 
? b 

Brookhaven Science Associates 
U.S. Department of Energy 

~~~~~~~~~~Y . . 
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Scientific Opportunities of Proposed Upgrades 

Fiux: Lonny Berman. 
(Protein Crystallography) 

Brightness: Erik Johnson 

Short Pulse + FEL: Jeriy Hastings 

-.. 
Brookhaven Science Associates 

U.S. ‘Department of Energy 

: 

- ‘:c Life Sciences 

, 
-Pr@ein’Crystallography . 

._ -- -Non PX B,iological Research 
(spectroscopy, imaging., scattering) 

.’ I- -Medical imaging 

-Radi$ion Therapy 

Brookhaven Science Associates 
U.S. Department of Energy 
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Exfending X-ray Crysfallography fo Non-Ctysfaliine Samples 

J. Mao, P. Charalambous, J. Kirz, D. Sayre, Nature 400,342 (1999) 

X-ray scattering using Coherent X-rays 

Brookhaven Science Associates 
U.S.‘Deaartment of Enerav 

DE1 --- Normal Pbsorption 
Refraction; Extinction -or- Scatter Rejection 

Monochromator 

Synchrotron 
Detector - ’ 

\ Image Plate 
Seam 

DEI Bragg Case Setup 

Biookhaven Science Associates 
U.S. Department of Energy 
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Geophysics and ffi,h Pressure 

I. I 
lf you can? bring the synchrofron to your laboratory, 

bring the laboratory to fhe synchrotion. 

lnfared 

‘_. 

Energy Disdersive Diffraction 

, X-ray Spectroscopy 

P as an experimental variable can 
be expioited in solid state physics, 
materials synthesis, life science. 

Center,for High Pressure Research -SUNY Stoyy Brook 
>- Geophysical Laboratory of the Carnegie Institutio? of Washington 

. . 
. . . . . 
Brookhaven Science Associates BROrp&N --r... 

U.S. Department of Energy 
XAT10K4L LAB”!-uTOKY 

s’ 
A 

Co&Wed Electron Systems .\ 

=Low-dimensional, Strongly Correlated Electron 
Systems Exhibit Non=Fermi Liquid Behaviors 

-Coupling of Charge, Spin, and Orbital D.0.F 
72 

.&fared . ‘. 

Photoemission 

X-ray Absorption 

Resonant X-ray Scattering 

Theory 

Samples 
. 

Technology 

Transport measurements 

‘Inelastic X-ray Scattering ,,9 

Coherent X-ray Scattering % -a 

Other Techniquk: NMR, 
Neutron, TEM, STM etc. 

Brookhaven Science Associates 
U.S. Department of Energy 

(’ 
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New Direcfions 

Nailoscie.nce 
(workshoplDec. 2000) 

Soft Condensed Matters/Biophysics 
-(yorksho~/early 2001) 

’ 
In-Sib growth and characterization 

(worksliop/planning) 

Environmental Science 
(workshop/planning) 

-.. 
Brookhaven Science Associates 

U.S. Department of Energy 
BROOduEer 

XAT\7IOULL LABORATORY 
,’ 

- 

High brightness continuum IR source (especially in fir IR) .for throughput- 
limited spectroscopic techniques. 

> Broad spectral coverage for sum rules, K-K analysis. 
.1; 

1 .- p Short pulses for time-resolved techniques (ps, fs), 

N Quasi-tunable, higher power far IR source for photo-excitation 8 study of 
non-linear phenomena. 

0 Two to three orders of magnitude tiigher brightness than thermal 
sources: exploited for microspectroscopy, grazing incidence reflectance, 
ellipsomeby. Good far IR power (up to 2 orders of magnitude.higher 
,than thermal sources). 

B 

0 Complete IR spectral average. 

4 Pulses widths down to ~~$0 ps. 

Brookhaven Science Associates 
U.S. Department of Energy 
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Infrared Measwremen& 

+ Shorter pulses (time-resolution) 

+ Even greater brightness (for near-field microscopy) 

+ Coheient far IR source 

Recent Infrared Publications 
l G.L. Carr et al., “Exploring the dynamics of supeizonductors by time-resolved far- 

infrared spectroscopy”, Pbys. Rev. Lett. 85,300l (2000). 

l A.A. Sirenko et al., “Soft-mode hardening in SrTiOa thin films”, Nature 404,373 
(2000). 

l P.F. Henning et al., “Infrared studies of the onset of conductivity in ultrathin Pb films”, 
,, Phys. Rev. Leff., 83 (1999). 

._ ,/J-T 
Brookhaven Science Associates BBOOKWWEH 

U.S. Department of Energy 
HATlOh’XL LARORATCRY 

: 

Spin-Rekktd Photoemission USUA (lo-200 eV) 

Experimental Technique ; Mw7anites La&r,,MnO, 
i magnetic & electmnic phase transition (CMR) 

Doti~-exchmgenwdel 

w 0 w 

Two-dimensional Spin Detector 

Brookhaven Science Associates 
U.S. Department of Energy 

J.-H. Park et d., Nature 392,194 (‘9$&z 

BBOOtiMEN 
XW,O,XAL LABORATORY 

8 



Resonant scattering from Spin, Orbital and Charge Order in 
Transition Metal Oxides 

Reschnt scattering at Mk K-edge 

Magnetic scattering at Cu K-edge 

&o~~&&&ience Associates 
U.S. Depafiment of Energy 

ESRF 
data 

9 



5 Existing Facility” 

D.-Peter Siddons 

a 

h 



ln~provements to Existing Facility 

What could tie done to the status quo which 
would result in significant benefit to the User 
community and to the Laboratory? . 

._ 
Brookhaven Science Associates 

U.S. Department of Energy 

I I - 

TWO mai& aspects 

1 a Infrastructure improvements 

o New access paradigm . 

Brookhaven Science Associates 
U.S. Department of Energy 
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_. 
. .s 

.’ I 

. . p 

Infrastructure ImDrovements 

cr Replacing old beamline hardware. 
P Replacing old. machine hardware 

(including insertion devices). _. 
Q Providing better User Facilities.’ 

-._ 
Biookhaven Science Associates 

U.S. Department of Energy 3 -- 

‘. 
. 

;. :. 

Upd&e dfd. beamline hardware 
. 

o Much of the hardware dates from 1985. (at 
least two beamlines still rely on Micro&x for 

---control, for ekample). 
&Mirror technology has improved dramatically 

since 1985. 
cr Power delivered to optics has increased by 

factor of IO since then; inefficient 
monochromators. b 

. 

Brookhaven Science Associates 
U.S. Department of Energy 

h 
b L 

*b 
f. 

4 

.i 
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VUV ring beamline upgrades 

,. . .._ ‘. 
TSG*W m!-woev !UW> gJ;:;:r;i;rw,;r; <: ‘9q 

-., 

Brookhaven Science Associates 
U.S. Department of Energy 5 

BROOIdi&~ 
?iATlONAL LAR”RATORY 

Uodate did Machine Hardware 

n Much has been and is being replaced on a 
continuous basis (e.g. RF cavities, power 
supplies). L 

dThis is all covered in detail in the Phase Ill 
proposal. Most of the things in that report are 
still relevant (or have been done already). 

•1 Our original Insertion devices were designed a 
over 10 years ago. Better designs now exist, 
and optimizationfor our needs would likely yield 
improvements ofx2 - x5 in performance. 

‘9 
? 

Brookhaven Science Associates 
U.S. Department of Energy 

3 



Increased efficiency.from mirror upgraa e 

- . . 
Brookhaven Science Associates 

U.S. Department of Energy 

Providirkbetter User Facilities 

._ 
-- o Lab facilitks. 

Cl-Sample preparation equipment, 
q lstandard characterization tools and 
RStaff to maintainfoperate them. 

Brookhaven Science Associates 
U.S. Department of Energy 

4 



/ A New Access Paradigm for NSLS 
III Current system has served NSLS well, but is 

inappropriate for today’s situation 
q IDifficuit to generate funding for a single-technique beamline over 

extended periods. 
q lNew users are NOT technique-developers. 
q E.g. the VUVbeamlines almost all rebuilt by NSLS, not PRT’s. 

o Emphasis must shift from technique 
development to scientific productivity. 

- q Most problems benefit from a multi-pronged investigation. 
q Multi-PRT membership is prohibitively expensive. 
q lt is difficult to get GU beamtime for a measurement which is a small, but 

important part of a larger investigation. 
RMulti-function beamlines don’t work well. 

_... 
. . . 

Brookhaven Science Associates 
U.S. Department of Energy 

,/+7 
BROOKWZUEN NAT,OE(AL LAR”RAYCRY 

,’ 

PRT oper’ations support 
I I 

o PRTs initially supported NSLS beamlines at a 
-high level, typically two scientists per beamline 
-plus a technical staff. ’ 

CI Currently, typical PRT staffing is one scientist 
per beamline, sometimes with one technician. 

CI NSLS cannot replace this support with current 
funding. b % 

Brookhaven’Science Associates 
U.S. Department of Energy 

? 
b 

10 
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. 2 

Science-centered ortianization 

ClDeterministic access to all techniques 
appropriate to the scientific problem. 

Cl Expert ass-istance .at each stage: 
q lExperiment design 
q Data collection 
q Data interpretation 

&ookhaven Science Associates 
U.S. Department of Energy 11 

t Straw-man example: Materials 
Growth 8:Charkzterization 

OTechniques sets’ 
RSpectroscopy: 

q IIR / 

7.. pJw 
tlx-ray ’ 

ClScatteringldiffraction: 
ON-circle diffractometer 
OPowder diffractometer 
q SAXS 

Cllmaging: .’ 
OIR microscope 
OVUVISXR scannin; microscope 
DXMCT e. 

2, 
Brookhaven Science Associates 

U.S. Deoarfment of Enelmr 12 ” 

6 



. . . 
_... 

Science I technique matrix 

I 
.._. Y’ 

Brookhaven Science Associates 
13 

BROOK&i&~ 
U.S. Department of Energy XATIOUAL L,wJ”RATORY 

: I 

. Staffing ~&els at other light sources 

CI ESRF I 
0 2 scientists 

-o 2 postdocs 
-P 1 student (funded by ESRF, more with,extemal funding) 

a Facility infrastructure (computers, electronics, mechanical engineering) 

CI APS DND-CAT 
o 8 staff I2 beamlines. PRT member-funded studentslpostdocs. 

CI No public info, but $7M provides GU support on 25 beamlines (- 2 
persons per beamline?), 

? 
\1 

Brookhaven Science dssociates 
U.S. Department of Enemy 

, 

7 



nX27A 1 Science Associate 
_a 1 Science Associate 
“1 

q Xl8B 
oX1gA -1 Scientist i 

OX21 0.5 Scientist, I student 
nU5U 1 Scientist, 1 student 

. :. cl ,.I....*** 

f 

.-. 
Br6okhaven Science Associates moo&N 

U.S. Department of Energy 15 WA-rTlOWL LARORATORY 

.I 

Current NSLS-qpkrated beamline 
staffing levels 

Current-PRT-operated beamline 
resident Staffing levels. 

RX11 .I Scientist, 1 technician, 
o.JlGA,~,C 1 t&hhician 

., •I X3A,B,C 1 Scientist, var$us students. 
n.X8A I Scientist 
P Xl OA,B,C 1 #ngineer 
Q Xl4 I Postdoc 
0 e ..1.*..*1 i 

Brookhaven Science Associates 
U.S. Department of Energy 

8 



Upgrade Options 
30 be -Discussed: 

4 



(cIncrease Current in 
-q X-ray Ring .Using 

B-Factory Technology 
B-Factorv Upgrade, r/ 

Accelel 

Eric B 

a 

latorss 

Uti 
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$nergyS 3 GeV 

@Current 2 2.4 Amp 
.__ 

Miaws 
, 

. . \=’ 
.s 

0476 MHz RF r Room Tbmpetature Cavities 

aCopper Vacuum Chamber 

l Bunch by Bunch Feedbkk 

0 Full Energy Injection . 
. . 

- - 

_ .,. .:- ERIC B. BLUM . : 
NATSiX?ML SYNWRQTRQN LIGHT SOURCE 

. OCTOBER 23,2000 . 
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. 
PEP-11 Low Energy Ring 

*Energy - 3.1 GeV 

*Current - i3.0 Amp maximum 

. . 

!lbans ‘. 

-m* . 
.L -2 
0476 MHz RF - Room Temperature Cavities 

*Copper Vacuum Chamber L. , 

l Bunch by Bvnch Feedback . . ., 

l Full Energy Injection 

,’ 
:* . 

i’ 

2,. 

. . , FLUX~T.UPGRA~EDNSL~,ALS;AMDAPS 
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current Upgrade with Upgrade with 
Con~tions single RF system harmonic cavity 

Energy [GeVJ 

Total Cui-rent [A] 
Fund. Cavity RF Frequency m] 

,2.5 3 ‘3 
0.25 2.42 2.42 
52.88 475.92 475.92 

Fund. Cavitj RF peak voltage CMV] 0.9’ 4.27 4.26 

. RFhamloIlic 30 270 270 
Number of Bunches Filled 25. 225 225 

Harmoni? Qwity RF Frequency IJIIHz]. - 951.84 
Harmotic Cavity RF peak v&age m _ _ 2.04 I 
Bunch Length [cm] 4.33 0.73 : . 2.64 )..’ : 1 
Synch. RacL Loss ~e*/turn] (bends only) 0.50 1.04 

Transverse D-ping Time [msec] 219.15 378.69 
Longitud&&Damping Time [msec] 438.30 757.39 

Energy Acceptance 1.82% 1.82% 

;Synch.Freq. -1 (fund.RF only) 5.91, . 3524 

1.04 

378.69 
757.39 . . . 
1.82% 

: 35.22 . ’ .!. 

Touschek lifetime [hours] .356 59 213 

Supercondu&ig~ vs. Csnvetitional 
* 

. . 
. SuperccndkAin~ Cavity. : ‘_ 

__ 
PI& Large Gradients - Fewer Cavities 

iotier RF Power Consumption 
._ 

Large Aperture . 

B Easy Higher Mode Removal G 
Beam instabilities Reduced 8 ,, .. 

Con: ‘Technology Less Used . 

. ,, No Experience at NSLS : .P 

Con~entiond Caky (Room Temperatu$ Copper) 
: . . 

Prck . Common Technology : 
. . . 

Simpler ‘Fabrication. . 
,, No Cryogenics 

cow: .. More Cavities Required 
Higher Modes,- Beam Instabilities - Feedback 

: ,’ . . . : 



RF CAWTES 
-_ 

Existhg configuration 0f x-Ray Ring showing 52.88 ime p ~atiti0~. 

x2Q3 .x2Q2’ x2Q1 
-_ 

Possible Confisnration with Four PEP II 476 MHZ RF cdie~. 

p 

. . . e-L 

. . . . 

* 476 MHz RF Sydem Parameters 

PEP-II 

Qequency -1 
. . 

475.92 476 

Peak Yoltage [MVJ 4.26 

.HannonicNumber ‘. 270 

SyncGotron Radiation Loss rev/&] (bends only) 1.04 

Synchronous Phase [Deg.] 19.03 

Number ‘of C&ties 8 

*p VoltageKavity FNJ 0.53 

Cavity Gap [cm] 22.34 

Gradient’ FN/ml -; 2.39 4.5 

shunt Impedance/Cavity w] 3.50 

Wall Loss/Cavity l$Wj 40;6 .150 

Total Ca&y Wall Loss i$Wj 325 

syncbrotroll Radiation Power m 2525 

HO&f Pow& @W-j 417 

Total Power Loss F=w] .3266 
I 

P.ower&.oss/Cavity @WJ ; 298 

Tuning Angle (deg) 88.25. 

.’ ., Reflected Power/Cavity F;wl 2 4.26 

rn~utPower/c&ity ckw] ‘. 413 450 

N&ber of Klyitrons 
: 4 

Requirld Power/Klystron m 825 1200 
_-.. 

..’ 

C 

. . 

I 



- 

? 
.’ 

,.. . 

Frequency FMZ] 
Peak Voltage m. 

Synchronous Phase peg.1 
Number of Cavities 

Gap Voltage/C~v$y [ 

Cavity Gap [cm] 

Gradient FN/m] 

Shynt Impedance/CaviIy @dQ] 

WallLosslCavity m’ - 

Total Cayity wall Loss j&Wj 
Number of Klystro& 

951.84 1000 
2.04 ‘-” 

4.89 
2 

1.02 

11.17 

9.i5 

4.95 

106 

211 ,’ 
1 :’ 

. . . 

ValviJ ._. - 
KiVStiQIl 

i 
#.‘ 

., 

‘* Reqired Power/klystron m 211 ‘.’ 400 

; I 

. 
. . 

A .--... . . -______ _._~ 
: -.. ‘. 

_i 

Copper Vacuuti Chantsew . 
‘?I 

. 

. . . 

. 4 0. Lower Photodkption Than Abiinum 
: 

< *Improved Th@mal Conductivity 
:xYzz 

*Higher Z,- &if Shielditig . 



.(. . 

. -. Current PEP -II 
Conditions Upgrade. HER 

<. 
-\ .: 

Magnetic Radius [m] 6.88 6.88 165.00 

Bending Magnet Field m. 

Energy [GeVJ 

Current [A] . 

Synchptron Radiation Power F;wl 

Line&Power Density pN/cml _ 

- Radiation Half Angle [mrad] 

3.00 

0.25 2.42 3.00 

125.71 .2524.68 

29.10 584.46 
10,557 

101.80 

0.20 0.17 0.06 
Chamber Width [cm] 8.00 8.00 5x00 
Beam to Chamber Distance [cm] 74.27 74.27 385 

.Minim& Height Ill&nated [mm] 
Maximum Power Density Frw/cm^2 0.16 2.31 2.31 

p 

.._ 

_ _. .-.- --I.; _... l__ .,_l_.. . . . _ . -., 

‘n 

v*c”kvl LOADS , I 

,. current Upgrade 
Conditioms 

Material 
Desorptioi Coefficient q .- 

‘. 

Al cu 
4.OOE-06 4.OOE-07 

Photodesorption Gas Load Q [Toti-Lhec] ‘6.05E-05 7.03B05 

Total Ioi Pumlj Speed S &/sec] 

Average Preskure i [Torr] 6.81E-09 7.92E-09 

? _ ___ ._. __, _----.- : 

c 
., . . 

i. 

-. --. --. - 



Beam Instabilities 

. 

PEP-II - DSP based bunch by bunch feedback system 
: 

Modular - 15-20 rhodules to control 1658 bunches 

We need 2-3 modules to control 225 bunches 

System will also be used at ALS. <, 

. . 
,. 

’ 
. 

. 

-._ 

,’ 

Magnets _‘. . 

. 
, 

P 

Some X-Ray Ring quads (QC) near saturation at 2.5 GeV 
. 
16 new ones needed : . .- . 

‘.” 

. . ‘1 
‘.. 

.y 
: ._ \ 

‘. 
I . . _ 

. . ’ .c 

.-._’ -- 

.’ ‘Injection 

._ : 

._ *Present injector can fill x-ray at 1 mA/cycle .- ._ . <.. 
: al.2 injection cycles / second ., ‘_ 

2400 mA 2 cycles / second 
‘. = 48 minutes 

1 mAkycle 60 seconds /.minutes 

. . 
.-Kil LONG! .kz ‘. 

h‘. .’ ; ‘ % 

’ ‘. j750 MeV injection implies 
‘. 

,Large temperature swings .in chambers and opti& 
‘. 

iPossible beam in$abiliti& at injection energy 

: 

l .’ 
., : 
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H,lGH ENERGY BOOSTEB PARAhlETERS 

. . 
Current[mA] . 

’ Repetition Rate jHz] 
Acceleration Time [set] 
fnjection Energy MeVl 

’ Extraction Energy [Gev] 
Acceleration [L&V/Turn] 
Revolution Frequency -1 
Circumference [m] 
RfFrequency @&Lx] 

” RfHarmonic 
Bunches Filled 
‘Electrons/Bunch ./g : 
Bend Radius [ml&c 8 
Dipole Magnetic FieJd [T] 
Energy Loss/Turn [MevI 
Rf Peak Voltage [M-VI 
Overvoltage 

.’ Synchronous Phase peg.]. 

‘. 
’ : Number Of Cavities, 

Gap Voltage/Cavity @4IVJ 
Wall Loss/Cavity jJ0V-J 

10.00 
10.00 
0.10 

200.00 
3.00 
10.59 ; ’ 

,5.29 
‘56.69 
475.92 
GO.00 
75.00 

1.58E+OS 
6.80 
1.47 
Los 

,2.00 
ix3 

32.17 

2 
1.00 
143 

Synchrotron Radiation Power jJ%IWJ 10.5 
Total Power Loss [Kwl 296 

Number Of Klvstrons 1 .s 
: 

. 
. 

i .: 

! 

./ 

j 

’ / 

.e i 
I 

I 
! 

‘. 

/ 
I 

i 

HIGH ENERGY B.OOSTER SYNCHROTRQN 

1 G, 



Lonny Berman 
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B-Factory Upgrade, Science 

Lmtiy Berman 

Brookhaven i&ience Associates 
US Depadinent of Energy 1 
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Beam Line- X24 Sck?tific Capabilities 

Hkjh Energy R@solution’ .I.nelastic X-Ray Scatterihg: 

‘Ram-an Scattetjng, 
Compton 33%tt&G3g: 
ElectVonic Exc~tat~oii’,Spectroscopy 
Resonant ,Scattel’ing. 

B,eak?i Li’ne X25 Scientific Capabilities 

Hijh: Q Resolution Elastic X-Ray .Sc&t&ing: 

.Swface and :~lrite,rfB&3 Scattering, :afid Reflectivity 
Magnetic 4k~tterih~~ (Resonanfi .afid: NowRG~;onant) 
Speckle and X-‘Ray Photon C6rrrelation Spectroscopy 
Et%isskx~ Spectroscopy 
Reso.nant Nuclear Scattering 
MaGromolecuiar Cr@tallogtaphy 
S.mal I’. Ping+ S’catteikg~ 
Diffuse $33afering 
X-Ray Sta@ng ,W&ves 
X-Ray ,Opt-its 
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Ban, ET.., cf td (199% “‘The 
i L~~c,Ribosomal’Subunit at 
I Sk R6~oliltion: Identification 

of Protein &aud RNA 
Structures.“’ pWure 400:X41- 

.: .., ~.. : . : _I. . . 





Mn Ii.0 emission from diffetxm$ compot~nds (sCE3) 

Bergman et al. 
J.F’hys. Cbem. I3 

(original synchrotron-based measurement from X25 
reported in Himll3inen et al., Pbys. Rev. B 
&, 14274-14277 (1992)) 

6470, 6475 648Q 6485 6490 6495 6506 

Figure 1 Kfl emission spectra of Iv&(n) in i&F2, Mn@lj in Mq203, and”iVln(N) in Mn406(bpea], The Qxxxra are normalized tci ejual 

integrated intensities. The same normalization was used twdetermine the ratio of different models to fit the PSI1 data. The inset shows the 
schematic eqxrimentd setup. 



Figure 2 (Top to faottomj ,Kj3 emission spectrum of PSI in the dark-adapted S1 state and best fit using 50% Mn@I) (Mnz03) aad 50% Ma(W) 
(M$$@bpea)4). I<p eniission spectrum of PSII.in the dark-adapted S,.:state cqmparcd with LiMn,BJ. $pechm of 

MnlzO,,(O,~Et),~(I~~O)s~(solid line) compared NithLiMn ,,.4Shli~,zs04 (dotted line), (Left inserr) Values &X2 as a function of average 
oxidation,s@tc for two model combinations: models 2 and 3 (solid line) and mo,dels 3 and 1.0 (dotted Line). Colored diamonds ihdicate the 
average oxidation.statc and X2-value. corresponding lo the tog three difference spec&a iu the r&ht insert. @Sgllt inset) Difhwnce spectra (fit 
minus data) using models l-!, top co bottom: 5O%Mn(lX) 50% Mn(IV], 3 QOZ Mri(‘I@, 160% Ma(IV), 23’7aMn(II.) 50% Mn(iII) 25% 
Mll(IV~. 



x p b 





Construction of a 
N.&w Storage Ring o 

* Conventional I 
. Design,. 

. Diamond or the \ 
Swiss Light Source 

a ? 





“CNew Storage Rin 
‘7 Acceleratof9 

‘James B. Murphy 



3rd Gener,ation X-Ray Rings 

J.B. Murphy 
NSLS Workshop on 

. Future Sources 
NSLS/BNL October 23,200O 

\ 

Outline 

o What is a 3rd Generation X-Ray Ring? 

o Storage Ring Quality Factors 

o Insertion Device Capacity 

o Emittance/Brightness/Pulse Duration 

o 3rd Gen. Source in the X-Ray Tunnel 

0 costs b 

o Concluding Remqrks 



What is a 3rd Generation X-Ray Ring? 

l Same as the 2nd generation but with a 
larger number of basic cells to reduce E 
and increase ID capacity 

l Challenges: dynamic aperture, stability, 
lifetime, cost, . . . 

l New Technologies: SRF, .,. 

Storage Rina Quality Factors 

Capacity 

N&+1 

Emittance 

E2 
% Cc WJ- 

Nbu 

Brightness cost 

$ < &nit 

+a 

2 



Insertion Device Capacity 

ANKA 2.5 110 4Ll4S 

SOLEIL 1 2.5 ( 337 1 4U12M =2x NSLS 

NSLS ( 2.8 1 170 1 8M 

CLS I 2.9 I ‘171 I 12 

BOOMERANG 1 3 ) 164 } 6L/6S 

SPEAR 3 3 234 4LI16S 

DIAMOND 3 489 6L/18M =3x NSLS 

flew rings have 2-3 times ID capacity of the NSLS 

aE& they’re roughly 2-3 times the circumference! 

Emitt&ce of X-Ray Rings 
3’d generation rings can reduce E by a factor of 15 



Undulator Briqhtness 
3rd generation rings can increase brightness by IO2 

ESRF 6 GeV 

4nm. U42 I3 

4 A 
* E I’--- “-I-. dnm I -*m T=rlddi 

v I / , ““” . . ” ” ” I 

: loLU _....____.___._._____..,_______..... -. 

2 
a 

lol’ -, “.I 2 3 456 

100 eV 1keV 
Photon Energy 

1OkeV 

Electron Bkch Lenqth/Pulse Duration 

ALS J.5 14 

SLS 2.4 13 

i ESRF I6 1 I6 1 

dew frequency RF at l)lSLS means oL “160 ps 

•3’~ gen sources have CT~ w 12 ps, not 67 fs ala LCLS! 
? 



Canadian Light Source in the 
NSLS X-Ray Ring Tunnel 

+C m 170/171 m 

+E N 2.8/2.9 GeV 

+Ns = 8112 

+ E = 45/l 8 nm-rad 

- p, = 0.35/4.6 m 

2.5x lower em-ittance & 50% 
ID capacity, sans small gap, 

more 
is 

Figure Courtesy of S. Pjerov 

possible but the retrofit will be 
costly & need a 2+ yr shutdown 

. 

Notes on Costs 

A ALS Design Book in 1990 MS / estimate with 4% escalation for 10 yrs. 

B SLS from L. Rivkin 9/00, with 7.5%.tax & no manpower, 4.5 beamlines 

C ANKA from D. Einfeld, lO/OO, 9 beamlines, clean room 

D SOLEIL from M.P. Level, lO/OO, 1998 cost escalated by 2% to give 2000 
cost, 24 beamlines, no VAT 

E CLS Design Book from S. Hulbert 9/00 

F SPEAR 3 from R. Hettel, 9/00, machine w/20% contingency + overhead, 
beamlines w/burden 

G DIAMOND from M. Poole, lQ/OO, 2000 cost (+ 20 %), 24 cells, 7/15 beam 
lines, inc full staff costs, no VAT. Estimate not yet ratified. 

H APS from J. Galayda 
a 



Summary 

Kev Issues: ID capacity & average brightness’ 

3rd generation sources, while challenging, are 
mostly an extension of existing technology; 
however they offer the following 
enhancements over the NSLS, 

- o ID capacity &circumference are 2-3x NSLS 
o Horizontal emittance can be reduced by 15 
o Brightness can be increased by IO2 
o Pulse duration is tens of ps, not tens offs 

Closing Remarks 

o Significant improvements in the quantity & 
quality of photons are possible with a 3rd 
generation ring 

o Steady state 100 fs pulses are not possible 
o New ring is preferable to.retrof’rt/shutdown 
o,SOLEIL or DIAMOND size offers most gain 
0 Cost guestimate m l/4 - l/3 gigabuck 

o Is there enough bang for the buck? 

“-. 



“New Storage Ring, 
ScienCess 

Erilk Johnson 
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Scientific Potential from a 
Third Generation Storage Ring 

Advantages of ‘Third Generation’ SR vs. existing NSLS 

Enhanced Brightness Enhanced Beamline Optics 
Performance 

More Available ID’s Enhanced Photon Flux 
on Sample 

illustrate with some examples from existing research 

Molecular En,vironm.ental Science 
And Synchrotroti Radiation Facilities 
1995 DOE Airlie Workshop on MES and updates 

0 Many Findings and 
Recommendations with 
respect to Synchrotron 
Radiation based 
Research for MES 

q Microprobe Tools 
have a significant role 
at spatial resolution 
040 Om 



X-ray Microprobe 

White light or monochromatic beam 

Demagnify source (synchrotron) to probe beam 

Scan Sample through beam 

White light or monochromatic illumination 

Diffraction, Fluorescence, or Transmission Detection 

Selected area spectroscopy possible 

X-ray Microprobe at X26A 
University of Chicago-Consortium for 
Advanced Radiation Sources 

BNL - Environmental Sciences 
Department 

University of Georgia - 
Savannah River Ecology Laboratory 

Spot Size 10 - 200 Om2 typical 

Flux 7~101~ White beam 

7x10’ Monochromatic (lOA) 

~~~~~ 
;::‘.>...>::$>$< . . . . . .._____..... olivine 1999 NSLS Activity Report; 

26 Contributions 
&a aggregate h 

16 Publications for FY 1999 

New Combined P$cro-diffraction and Micro-XAFS Studies at 
the X26A Beamlhie, 1999 NSLS Activity Report, A. Lanzirotti, S. 
C.,Wr.. I P~rirn N” \,-,,,“I..” 



. . 

X-ray Microprobe Results -Soil 3P 
W. Bleam, M. Szulczedski; Wisconsin 
May 1998, Prepared, by Steve Sutton U. Chicago 

GSECARS, APS Sector 13 
http://cars9.uchicago.edu/gsecars/ 

Microscale Heterogeneities in Brazilian 
Oxisols, J.J. Marques, D.G. Schulze, N. Curi, 
X26A 1999 NSLS Activity Report 

13 keV 
Monochromatic 
beam 

12xl7Om 
spot IO Om step 
size 

Detection Limits 
-1-5 ppm 

Thin section x-ray fluorescence microprobe 

6 keV Monochromatic beam 

4 x 4 Om spot 10 Om step size 

500x500 Om scan, 2s per step 

Detection Limits - 100 ppb 
La ‘,‘I,“II ,I’..I”I 

Spot Size - 25 Om* typical 

Flux 1~10~~ Monochromatic (2x10”) 

3 



Zone Plate Microscopy 

LlSoft X-rays Water Window 

LlSpecimens in air or ‘wet’ 

OLimit to probe size 

ZP outer zone width ational Synchrotron Light Source 

ClBeams w 30 nm 

to monochramator 

from mooochromator 

w------J . 
Detector Orw MrbW 

aperture http://xrayl .physics.sunysb.edu/ 

Solid stabilizedwater/oil emulsion (XIA - 1998) 

Adjust energy of light 
to adjust contrast 

Clay + Ca/AI double 
hydroxide (LDH) f 
Oil + Water 

Determine distribution 
of components t0 

understand structure 
y 
&& of heterocoagulates ,I 

. f.385r.m~mnv ‘12735 nm: 24 eV 
E-! weak C ate@M a.1 -&pt,* smg u 

-.. ,. _. .._ ,. 



Humic substances in pine ultisol aggregates 
in water (BL7.0 ALS - 1999) 

I Material Soil Sample Image Spot Spectra 

S. Myneni, LBNL 

Comparison ohTXM images . . . . 

Advantages of ‘Third Generation’ SR vs. existing NSLS 

Enhanced Brightness 
.- 

ALS U5 N 1 O-20 x XIA) 
Spatial Resolution comparable (30 to 50 nm) 

Can use ‘extra’ photons in Monochromator 

Improve spectral resolution or 
Reduce dwell time per pixel 

In practice ‘advantages’ are very problem specific and 
generally no more that -xl? in some parameter 

5 



Photon Correlation Spectroscopy (Speckle) 

Steve Dierker, 1995 NSLS Newsletter 

Probes low frequency 
dynamics of a material 
by analyzing the 
temporal correlations 
among photons 
scattered by material 

Requires transverse 
and longitudinal 
coherence 

An example horn IESRF (IDIOA) 

Schematic view of the 
Troika beamline for using 
coherent x-rays (a), plus 
small-angle speckle 
patterns obtained using 
monochromatic (b) and 
“pink” (c) beam conditions. 
The diffraction patterns from 
the porous glass Vycor are 
shown in the wavevector 
range from 0 to 0.04 A-1 
horizontally and 0 to 
0.02 A-1 vertically. 

6 



Small angsle scattering from ferrofluid in 
zero and applied magnetic field 

http&ww.esrf.fr/info/science/highlights/97-9S/PFl16.htm 

Coherent X-ra; Diffraction and Phasons 
Fluctuations in Quasicrystals (ESRF ID2Q) 

Fig. 56: (a) 2-D image of the speckle pattern taken in the diffuse tails of a Bragg 
reflection (b) slice through Figure 56a. Intensity fluctuations are much larger than 
the counting statistics. , 

Beam coherence (-40%) achieved with 10 Om pinhole 1.8 m from sample 7x1 O8 
photons/.sec at 7.6 keV (Si 111 monochromator). 

7 



Time (secends) 

lcosahedral AlPdMn phase quasicrystal. Fluctuations 
imply a phason wavelength about 25 nm. 

Au (20 nm) in blycerol Colloid (-1995 X25) 
Figure 3: Autocorrelation functions of colloid scattering intensity as collected with 
CCD camera for two different wavevectors along with sing!e exponential fits and 
relaxation times, as indicated. The inset schematically depicts the scattering 
“halo”, the beam stop, and the sub-arrays which were ensemble averaged over. 
Curve (b) is offset by 0.15 for clarity. ~ 

(a)QP5.5%10-38;’ , Syb;Array : 

(b~Q=3.3X104Bi~ 

200 urn diam. Gold 

Longitudinal coherence 
length - IOnm. 
Flux - 4~10~ photonslsec 
at a keV 
(W/B& Multilayer 
monochromator). 

8 



X-ray Photon Correlation Spectroscopy . . . 

Advantages of ‘Third Generation’ SR vs. existing NSLS 

Enhanced Brightness 

Coherent Flux enhanced -xl O* or x 1 O3 
for comparable longitudinal coherence length 

Systems thus far ‘special cases’ 

Extending the generality of this technique requires a more 
powerful coherent source (ala LCLS) and in fact is one of 
the elements of the proposed ‘First Experiments’ 

‘n 

? 

9 



Construction of 
Linac-Based ource 



-n 

.“Energy-Recovery 
Linac Source 

Ilan Ben-Zvi 



MeV pre-acc&rator - possibly 
arate function unit for recovery, 

::.>.:.:; 
:.:::.. : “..,j \ 
:...,. 

,& 1.: “‘;:‘j Integration into the 



.:.. : :... ‘, :.::::::::::::::$ :.: . . . . :... _ s::;:. .,: 

: .,jjj: .: . . . . . . :.:w 
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BNL, October 23,201X 



he numbers used are based on numbers used are based on 
TF results and known results and known scaling. scaling. 

SsibJe improvement by about a 

r of 2-3, by optimizing 
eters for a lower charge and 
g 

,i::ii~~hermal 

laser profile. 

.j j xi emittance Elh-0,25R,, 

~?‘ih~~~~~here &th is in pm, R, in mm. This 
: I.:,~~,~~~ay become a limit below 0.2 pm. j ::..: :: : .,. “.:“$:: . . . 

a limit L&w 0.2 pm, 
. . . .::....-3; 

::; ,:,:,,; ‘.’ ” 

Bunch.[ength: How shod? 

How much energy spread? 
JLAEI FEL measured 0.175 MeVps, that is 

O.O6%x1O!Hs at3 GeV. .-,r<;:;::$::::::::. 
f~g&$i~~. In which beam lines? I 

may consider reducirig &. 
- The temporal ‘beam waist’ may be placed at any 

point along the ring. 
.~?~~I~.~.~:::i:i::ii~.~~ 
‘:::.~.<g:,>::::::::-:: : ‘.‘<.d,. . . . >>:>:,:t::::‘, j/j/ ::i2&,>:,~sIB - insertion devices may be placed before the X-ray 
,~i!:C.i:“li”!!~:~;i ring for sub 100 fs operation, with -ps bunch length 
iiiiii:ii:i’i.‘~.~‘i;:. :::::::::: y.:..> over most of the ring. 

.iiiii%$~,s.~ l With what em&n& Theory not ready for 

/,\ 
‘““‘!“~~ “,ba shoh bunches at , (, fs FW,,M. Low 

:.‘:. ‘- ‘~~~~~ : : ” charge helps. : / E ‘!:?: ><S. ;. ;: ‘+;,I :: :,: : ;‘: ,“.‘> : :‘..‘.,3::. ::&: : : : :::::, ,. .‘.I 
:,. :“:..z:. . . . . . . <..#:..>; 
: . . . . . :,; ‘: 

: 
.:.:.:: . . . . 



.:::zw: .:$m>$ 
I:, : : : :: ::, ‘, .:.‘.a:$ 
:$I&:::_ :::$ < 

~~~~~:.~~~ 
Two Bunch Compressors. 
Shod Bunch Task.Force; 



dustry). Assume TESLA cavities: 

i~$Xi?&EB~F li ~~~~w~%:.>. is 5 I(W (16M$), upgrade to 10 kW 

:~~~~~.~~OM power: (Merminga et. ai., 

.~~,~.~~lNAC2000) At eRHIC, due to the 20 ps 
~,~~;pulse length, this is not a problem. 
;::ms ,,..,: “Y......... . . / .:.:;:& :::>. : ,::; ::.: i:: ::&g.&~ :., :,.. ‘,C ilk&+ :.,: .., : 
:,.,;:- ::y:“:q ilti&&n.l Ilan Ben-Zvi ..,.~~ 

33oaK3kuEH ;$clefic&fi$$ociates NSLS Upgrade Workshop m~..+a. L,~~x~~~.~~ 
: ‘.:.’ :i:.: . . j 

” :z BNL, October 23,200o 

mprovemerits still being made 



~~ 

erformance ~i~~~~~~~ of TESLA Cavities 

;g&&tidn.~ Ilan Ben-Zvi ,,_,.. “9 

,&@$$~qciatas NSLS Upgrade Workshop +.!!~??%!!!!. 
:. : “,:: ‘: ‘.:~,~~~~. : . . . . : ,:::@;:.::’ BNL, October 23,200O : 

.,. ..: 2 ::::::... : 

b well developed at lANLJ 
nd other places. QE -5% at 
t, Ilf&me well over 10 

vacuum of 8x10-10. 
esium tellui& (Cs,Te) c&o&s 

more robust. QE -5% at UV. 
ive weeks in vacuum of 1 O-g 
er at IR)=l*hv/(Conv*QE) 
green: hv=2.5 eV, Conv-0.3 
W, current technology. 

:~,X~~~~~~~ Lzzz! 1.:; l 

I@;::,... 

For UV: hv=5 ev, Co nv-0 ,06 

:.‘:‘.s:- . . . :.;g&P-300 W, pear future I multiple lasers. $@;::sy. :..” : /I . . .::.:.: : \ .., ..:: j ‘: ‘j”’ .*..: ....:~~~,~~ .:.:x:~:::~& j:. iiig :.,.,. ,,.‘,.,: ;. ~ ‘: j ii ~.~.~..:.~..:~~:~::~:~ 



q& ;,; : : “93 
p #$ .:::* ,’ ++&?‘perated 433 MHz photoinjector ..::@ p@.p; 
:~~~~~~~~ 
~~‘i. Tested at 25% duty factor (klys~on 

>:&..,;:“‘))‘iY:! limited). CW possible. :;*&~.;~>~,~~~~ 
+ .::-:i.:iiiiil! Typical135 mA avera e current during >:z$g- 
~~:ei:;~~ macropulse, using 13 Nd:YLF laser. %I 
r~ri~~~* 5 MeV injector (2 MeV out of gun, 3 
?$$G;~@ MeV in ho additional cells), 4 MW total 
~~~i~~~ power at peak. 
!~li,~“‘iiii;l~~* 26 MV/m on c&ode 
f;:j .:~‘;;jii~ijm K$&b cathode QE 5% to 12$(4 ‘: ::::i::::::::.>&... ...l.ll_... ..::: l::~.l 
~;~;~~%i~?~ 10 hour lifetime at IO-9 torr (RF on) ..~....:..:.. .;j : . . . . :: ::. : ,, :::..; ,J.4 “.,., jhm,emittance at 1 VC 
~~~~~~~~,~ mlsalwmentj Gaussian 
:::. .::.::. :.::,,, 

” ~~:~..:.::~,~~ ..:.~:;.‘~:~&:~,~$ .: .:.:i .:::..y>.;::.. : :;:;:,A; ‘$ ::q ,: z:::::: :: :.::>:y .,.:: _ : ,,. .‘, :.:“:;:&$ . ...,:: ., 
:%&wlllalf~hit:: Ilan Ben-Zvi . ..a fl’? 

$&+i$s~cfatas NSLS Upgrade Workshop z$~$!!%%% 
.‘:,‘. .:...<: :. .: BNL, October 23,2000 “:::::.::>:::K .,::: ‘,:: “’ ““:~.::::.:~:::::::::: _ : 



Seed laser: 300 mW, 1055 nm, 2-ps, 50 MHz. ;p’ .::.yap 
. . . . . ..&T. ?.:.F$ower amplifier: 
I~~~~~~~~~~~~~ump: 

4.3-m of Yb-doped fiber. 
..pp:: :::. ::::> Two fiber-bundJe<oupJed laser-diode 
: ~~~~-..~..--..sources at 976 nm. Slope efficiency 50%. r. .* ,....... ‘::.ml:::I;::::,~:: 
GE”:: i&Maximum am&ied Dower 13 W Cdiffraction- . ..wm 

. 
~~~iiiii~ ‘. ’ r:::Utra-stable, compact, rapidly-evolving. 

t 

r 
:‘y::::::;>:~:.:; 

~~~~lii.~~ development (largerfiber) Off the shelf 1W unit 
:::$..A< ,:.:.: ::: .:.:..:.:, I 

eiobji~elleli’: IhlB~n-ZVi . . ..I** 
: : . . . . . . . ::, BRDOKK&.Ib~ ~~U~$~S~ciass NSLS Upgrade Workshop M,, V.,C ~.\::I.I.,~OSI 
i;:::::::.,.: I’ :w:$ :.: ::::;.... BNL, October 23,2000 

i .,.:. ,:’ : ; ..::.: . . . . . . :.; 



Beam Breakup in the 

:.>‘::>:“::.:i ::jz;i:i .$liQ$y&,,: ). . . .; ‘.‘, ‘... ‘.’ .:.:::..:.:.:.‘: .,: : ::: .::.:: p.:.:.: ._, .:::: ::,~ .$q .$~:..:.. *::. .: ,:.;:.: ..; ,,,. ‘- ,: “.‘..,..:.: _ / ,.: ~:~~~~~:::~.~~ ,” “.:: . . . . .../ >,,< ‘:: : :’ .:;:: .:;;mz.: : :,. :,.,~$~~~~q$..~ m::::x.:..: .,:..: ., ~~~~~):,,, ,, is: :.‘.:.:,~:~. :. ii, ; p&tiiiebz,j nan Ben-Zti ,.,A:~ 

,~ctat&@Jclates NsLs UP&~ Workshop qwaKwae~. *.*, y4L I,i,‘UL[I..i.< 
” :‘:‘:::..<.:.:.:.:..x ./,,,,, ,/ ,, : :‘:‘:. :.:“‘::.:::::::::y<:,>) BNL, October 23,2OCO ““:‘.‘.:....:x..: . . . . . . . . . . . . . “o.:.:..q* ,,.,.,,, ,,,,,,, : ,~ ,:,:,,,,, 

~,~~~~::: . . . . 

l Expected beam size 10 pm. 
inear collider - stability better than linac 
earn size in a low rep rate pulsed machine. 

lfimate limit ground motion. IO-100 nm 
und stability established in accelerator 

umped lasers 4% stability 

I 
.u,~.‘J.~y”.y! 
schw&s &lat.x NSLS Upgrade Workshop :,!$! KoYwlfar~ , i#.W, c..\:.:> I XSPOS 1 : p . . . . . . . . . . . . . . . :...:,:::~::~:,.‘:~:‘,~“i 
“::.:*:.;g :~::~~, ‘:~‘:.:::::::::::.::.::,,, _; BNL, October 23,2000 ’ 
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~~~~~~celerator Physics - What Next? . . ..> . . 
:J$g+<. : : Challenges: Establish new technology at ~~,: /__ &... 

$@&, ::.‘A: if, ‘.:.+<BNL, increase ,-.-.rrent by factor of -40, 
g@:;.:: ,, j ; :1 
::; a;~~~~~~' Theory: 
;)piiiiiiiiia 
:& ::::gr;::iz:;: - Lattice design 

.ya:::::::::: iiQ+.:.,:::,$, :C~$$#3j;>, 
- Low emittance conditions in gun 

:,y:: . . . . . . ,><$...< .::y:::::i:.i-, - Compression, Emittance growth 
:@< .jj/,... .:_: i ~‘,$piii;;;;.:‘ - Instabilities 
3j ‘:~~~,~>~~;~z.~~..~: - - Feed-back 
“::‘ll”~ Experiment: i’~~~~liiii~~~;~ 
::$$<.,:, .:,:>::::::: iiii;4ii::-.:::::::::. :‘>;>p :.._ $iiIiii’ - RF gun and laser: 
.iiy+xx~,i ‘::::::,:~.:.~I:r-:lii - Current, emittance, amplitude stability 
i;p::rT>::>:>>.<. ,’ I.::~~;~( .jii&q - Superconducting linac section: . ,.,...... i8~i:::::iiiiiii:ili: .I . - Feed-back, SW, stability, energy recovery . . . _ _::::::::; :::: 
~~,~iiiil;i’i:* Design X-ray insertions and beam lines 
. ..‘,, ‘. ::::.::: . . . . :.. . . . . . ...” g : .I 

., / :.:::y.$.y: 3 - Engage NSLS users 
- Establish desired oarameters 
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High Gain Harmonic Generation 

Free-Electron Lasers 

Li Hua Yu 

NSLS Upgrade Workshop, Oct. 2000 

Outline 

*Different approaches to x-ray FEL 
._ 

l HGHG approach to achieve full coherence 

@Recent proof of principle experiment of HGHG 

@How to achieve hard x-ray? Cascading HGHG 
‘1. 

1 



FEL CONFIGURATIONS 

OSCILLATOR 

e- 

SINGLE PASS FEL --_ 

HGHG Dispersion 

bunch length 1, slipage Nwh 
and coherence length & 

k 22 -A- 
NW 

single shot spectrum 
\j 

2 



HIGH GAIN HARMONIC 
GENERATION 

*Analogous to compressiob in short pulse generation 

*Use harmonic to achieve shorter wavelength 

*Characteristics of the input seed is impressed on e-beam 

*Harmonic is amplified exponentially 

I I I I 

I I The HGHG Experiment . I I 
1 Seed Laser ( 

Modulator Section Dispgrsion Section Radiator Section 

I B,,,=O.l6T &,,=8cm L=O.76 m B,,,=0.47T L=3.3cm L=2 m 1 

Electron Beam Input Parameters: E= 40 MeV 

E,= 4~ mm-mrad d’)‘Ij’=O.O43% I = IIOA ‘CG,= 4 ps 

3 



700 

600 

500 

400 

300 

200 

100 

0 

5100 5200 5300 

Wavelength [nm] 
Brookhaven National Laboratory 

Operated by Brookhaven Science Associates for the U.S. Department of Energy 

Measured Electronbeam FWHM pulse length is 6 ps 
The optical Pulse length of HGHG=FWHM/1.5=5.6 ps 

Measured HGHG Energy=lOO@ 
Power-18 MW 



Pulse Coherence Length Measurement using 
Michelson Interferometer 

08 

Weak 

f a Overlap f! a B 0.4 

0.2 

Good 
0 

De!qSmgtPado.lrQa, Overlap 

Optical coherence length of HGHG=1.6 mm 

\ 

Advantages of HGHG 

l Longitudinally fulljr coherent; 
l Orher-of-magnitude narrower bandwidth; 
l Larger ratio of output/spontaneous radiation 
l Central wavelength is stable; 
l Pulse length is controllable; 
l Output fluctuationb can be reduced. 

b 



DUVFEL 
P,=9OMw 

3000(A) 

P,,=UOMw 

1000(A) 

Two Stages with a Shifter 

One Stage 
\ 

Shifter 
? 

One Stage 



Fresh Bunch Technique 

l 1. Same Bunch 

Before Shifter 

l 2. Different Bunches 

bunch bunch 

P noise=WQ 
HGHG-based Soft X-ray Device 

6OOMW P,,=SGW 

25OOAmp Zmm-mrad 

L t,,tal=26m to reach 5 GW 



HGHG Cascade Scheme for x-ray 
Pj,,=300m l(jGw 3.9GW 8.lGW 2.9GW 5ooMw P,,,=lZGW 

u5@) 450(A) wrp> lw% 4.5(A) 1.5(A) 1.5(A) 

I e-beam 
P ,,oise=426(W) 2500hP 

2Gev - 
lmm-mrad 
0,=5m-4 

e-beam 
3400Amp 
14Gev 
1.5mm-mrad 
cJ7=2.1x10-4 

LtoM=98m LsAsE=lOOm to reach 12 GW 

HGHG Cascade Scheme for x-ray 

p,,=300m 16GW 3.9GW 8.7GW 2.9GW 5ooMw P,,=lZGW 

x75& 450(A) goG% l@l 4.5(A) 1.5(A) as(A) 

I e-beam 
P naire=426fW) 25OOhp 

2Gev 
lmm-mrad 
07=5w4 

e-beam 
34ooAmp 
14Gev 
1.5mm;mrad 
0~=2.1w4 

X(A) 2250 450 450 90 90 18 18 4.5 4.5 1.5 1.5 

L,(m) 1.7 4.8 0.4 2.3 6 12.7 6 10.85 7 17 29 

LG(m) o’53 0.50 0.50 0.56 2.33 2.64 2.64 3.55 3.55 6.28 6.28 
li’ 

Lt,ti=98m Ls~s&lOOm to reach 12 GW 1 
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Output vs. Input Power of the 
2nd Stage 

2.1 

1.8 

1.5 

1.2 

0.9 

0.6 

0.3 

0 
9 27 

l When input (45OA) varies by factor of 3, the 
output (9OA) only fluctuates by 30% 

*Cascading scheme improves the stability 

Output pulse shape, pulse length 

. . . 

.- F E 0.2 5 
2 0 ! i 

-5.E-14 -3.E-14 -l.E-14 II-14 3.E-14 5.E-14 

t (s) 

Solid line: 

output pulse at 1.5 (A); 

Dashed line: 

Input pulse at 2,250 (A). 



Parameters for FELs of Several 
Wavelengths 

Wavelength Output Pulse Energy of 
Power Length e-beam 

7oMXv lps i9OMeV 

5GW IO-4Ofs 2GeV 

15GW lo-40fs lo-14GeV 

Wiggler 
Length 

llm 

26 m 

go- 
100m 

Band 
width 

3x10”1 

3x10-4 

2x10-5 

Cbnclusion 

l HGHG provides a route to temporally 
coherent output 

l We performed an experimental 
demonstration of the HGHG concept 

l Experiment and theory show good 
agreement 

l Cascading schemi are viable to Eully 
coherent x-ray pulses 

10 
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Outline 
Introduction 
X-Ray FEL Science 

Warm Oense Matter 
Structure of Biomolecules 
Nanoscale Dynamics 
Femtochemistry 

What can an energy recovery 
linac source do ? 

Summary 

1 



*- 

3- 

L- 

!I - 

yL 

_ 6GeV 

3Gev 

Slides froth LCLS Science case: 

Warm Dense Matter 

Structure of Biomolecules J. Hajdu 

Nanoscalk Dynamics B. Stephenson 

Femtochemistry 0. fmre 
? 

2 



The Importance of these States of Matter Derives from 
their Wide Occurrence 

l Hot Dense Matter (HDM) occurs in: 

l Supernova, stellar interiors, 
accretion disks 

l Plasma devices: laser 
produced plasmas, Z-pinches 

l Directly driven inertial-fusion 
plasma 

. Warm Dense Matter (WDM) 
occurs in: 

l Cores of large planets 

9 Systems that start solid and 
end as a plasma 

l X-ray driven inertial fusion 
implosion Density (g/cm”) 

Highlight of Three Ekp~rimental Areas in the High-Density 
Finite-temperature Regime 

l Creating WDM 

l Generate <IO eV solid density matter 

l Measure the fundamental nature of the matter via equation of state 

hart puke probe laser 

LCLS 

l Probing resonances in HDM 

9 Measure kinetics process, redistribution rates, kinetic 
models LCLS tuned t* arema3 

* Probing dense matter 
’ AX-ray streak .speclrorneter 

l Perform, e.g., scattering from solid density matter 

l Measure ner T,, CZr, @I), and damping rates 
,dense heated sample 

“-. $g 
LCLS _... B+ 



Structural biology: The damage problem 

BIOLOGICAL SAMPLES ARE HIGHLY RADIATION SENSITIVE 

CONVENTIONAL METHODS CANNOT ACHIEVE ATOMIC 

- 1 RESOLUTION on NON-REPETITIVE (or non-reproducible) 
STRUCTURES 

The LIMIT to DAMAGE TOLERANCE is about 200 X-ray photons/A* in 
crystals (conventional experiments) 

THE CONVENTIONAL DAMAGE BARRIER CAN BE STRETCHED by 
VERY FAST IMAGING 

(Neuze, FL, Wouts, R., van der Spoel, D., Weckert, E. Hajdu, J. Q.CCO) Nature 406,752-757) 

Scattering by.‘a single molecule and by a 

I single molecule crystal 

I 

4 



Landscape ‘of damage tolerance 

lonisation and subsequent sample 
explosion cause diffraction 
intensities to change 

Crystallographic R-factor for 
proteins in the PDB 

Time (fs) 

5 



. LYSOZYME 19806 

Calculated limits of resolution with 
R electronic =15% 

Pulse duration.(FWHM) IOfs 50fs 100 fs 

Photons/pulse (100 nm spot) 5x1012 8x1011 3x1011 
(R =15%) 

Single lysozyme molecule 26A 30/q >3& 
Mw: 19,806 

3x3x3 cluster of lysozymes 
Total Mw: 535,000 

<2OA 3.0 A 6.5 ii 

Single RUB ISCO molecule 
MW: 562.000 

2.6 A 4.0 A 2ow 

Single viral ca psid (TBSV) <2OA <2OA <mit 
MW: -3.000.000 v” 

230 fs 

5x1010 

>3cA 

12w 

3oA 

2.4 ii 
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Scattering Techniques for Equilibrium Dynamics 

I Existing fechniques 

Probe thermal fluctuations: Excite and probe flucfuafions: 

Scattering Techniques fo? Equilibrium Dynamics 

Xf CS and XTGS 

Probe fhermal flucfua tions: Excife and probe fluctoafions: 

7 



Experiment 1: 
X-ray Photon Correlation ‘Spectroscopy (XPCS) 

Advantages of Scattering Techniques 

To understand dynamics, need in-situ techniques which resolve 
both length And time 

Determining nature of rate-limiting step from wavenumber (0) 
dependence of rate: 

,+. 
I’ 

,’ 
.’ 

a I’ 

2 

- 

8 
-I 

Log Q 

Rate CC Q” 
e.g. composition change 
by diffusion 
(conserved quantity) 

Rate indep. of Q : 
e.g. deformation 
by viscous flow 
(non-conserved quantity) 

I In milliseconds - seconds range: 
Uses high average brilliance 

transversely coherent 
Xay bezm LCLS .~Gti, 

monochromator 

0 0 
0 0 
0 
0 
0 : t3 
0 0 

“movie” of speckle 
recorded by CCD 
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Experiment 2: XPCS Using Split Pulse 

In picoseconds - nanoseccmds range: 
Uses high peak brilliance 

samole 

Jl 
splitter 

__t 

transversely coherent ‘. ‘\ 
X-ray pulse from LCLS variable delay At ‘*. 

I lOpsa 3mm 
sum of speckle patterns 

I , 
ti 

from prompt and delayed pul?es 

I - $ 
Analyze contrast recorded on CCD 

5 
as f(delay time) 

I 0 WW> 

I 
At 

Experiment’3: 
X-Ray Transient Grating ?ipectkscopy 

In picoseconds - nanoseconds range: 
Uses high peak intensity a = 0.1-100 

Q = 0.055nm 
X-ray pulse from LCLS 

- sample 

0.15 nm, 230 fs --\ 
‘. ‘. 

*. 

‘i(Q3 At> 

Drive system with chosen Q , 
observe response ,as f(delay time) 

s 



Example: Test of Repfation Model 

Dynam I 
Long. 

Neutro 
has be 
observ 
motions 1 

ntangiement time” 

dent of Q 

ICS at LCLS 
Ild allow test of 

ltation model 

Chemistry is about Mot&n 

10 



Chemistry is about Motion 

Spe’ctroscopy of the Trinsition State 

Capturing molecules in the process of reacting has been a 
long-time dream 

Femtosecond lasers are fast enough 

BUT 

Their greater than 200-nm wavelength does not allow for any 
spat@ information 

? 

11 



Temporal and Spatial Scales 

H 
H,O+OH + H 

LIGHT &F&T 
ti 

0 
5 b 

SiOW &HEAVY 

UED Experimental Se&p 

Ultrafast Electron Diffraction 
H. Zewail 
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UED CH,I-CH,I Photodissociation 

The LCLS is the only tool with the required temporal and 
spatial resolution 

. 
Gas phase photodissocia&on reactions 

::: : : _: ::::::::::::: ::::: .: :?: ::. :..::::: %Eiiiij; photodissociatjon of an isolated 
::,:.::: ,::::-: $!jji;;i“diatomic molecule is the simplest of :::::.:::: :’ 

jiliti;;ilt:i chemical reactions. ::::::::::::: 
::.:: :: :,.:::::::i: ::::::::::::: :.::::::::::: 

...... ‘.‘..’ c . . . . . I . . . . . :...&: ~~:j;~, 
E:jjj):ij~;i t=O is easily defined 
::::: : .::: .:::: .::.:: 
iliijjijiiiij The initial wave-function is well 

13 



Nuclear and Electronic Coupling is Universal Phenomenon 

::: ..: //j/:,:j/ 
;ij The coupling between nuclear and ,:li!f!! 
Ijj electronic motion is a universal ::::: ::: ::::::::: -::::: :::~::, 
;; phenomenon that dominates __..::: ,.::::. :: :::::: 
$ almost all photochemistry. 

;: ‘j:;ij :. : : :: .:.::. :j:;//jj 
/j ,:;; 

:. ::::: 
6 It is essential that we develop an :::::: ‘:‘:: 

‘2~ 
j intuitive picture of this behavior : &. ,’ :+ 

i 

1 I 
I Comparison between UE‘O and LCLS I 

Comparison between Ultrafast Electron Diffraction (UED) 
and the LCLS 

FlUX cross Rate Signal3 
section2 H.2 

( UED 1 lops ( 7000 1 IO’ ( 1000 1 7 lo= 1 

1 LCLS ) ZbOfs ) 2 IO” 1 1 ) 100 1 210” 1 

1 time resolution; 2relative crossection; 3 relative signals 

The predicted signals are comparable but the LCLS time 
resolution is at least 50 times better. 

I I 
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Ekperiment 2. Condensed phase photochemistry 

he solvent cage changes the 
namics and provides a means ~‘~~ 

study recombination reactions. 

Third Generation Sour& Have a Limited Time Resolution 

:_ ::7 :::::::: 30 . . . ::::.::: :::::::: :‘:::” L-. I II 
Ij!!! a-@ 300fsec 

@-Q IOOpsec 
.._ ::::: ::::: :::.:, :. ::::::.: ::::x: :::::::: - 

::::::: 
:::::::: 
.::::::: ‘; 
_: ::::: 2o 
:. ::::: 

E 
:::::::: u ‘Y’:::: :.::: cq @-+@I 2QOpsec 
..-.... :_:::::: 0 
:::::: .- 

; : .y: :;$: 
=; 
2 to @-@I 2oopsec 

:.:.: ::.:; ::.:: :: . : .:::::;. z 

. . . . . . . . i”,.-... ::. / .::::s 5 
2:::’ Diffuse X-ray scattering 
?j.> . . ...” :: :...:. # 80 psec time 
..:: , 
Q;,F;k resolution from 
::..*::.: .:::..: !: 
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An Example from E S R F 

.......... ... ....... .......... __ ..... ........... .............. ............ ............................. ::::: .. ..:::: :::::::::::::: :: : ::::::_ :,: : :::::::::. . .:.::::::.: ::::::_., : :::.::::::::::::::::::::::.:.:.::::i::::::::::.:.: .i::iii’-Ill:iliiiiiili:i::lii:l’::::ili~~~:, ..j::I::/.i. ... . . . ...:::.:: ::::::::::,:_ ............. .:.:::: . ..::....:.:::::. :::: ..... ............................ ................ iiiiiiii:..(::‘:llii:~.~.~:~~~~~~~~~:~~~~~~~~~~~~~~~~~~~~.~~~~~~::: - . :::: ... . 
/,i.iijjijjij:::i:jiiiiiiiiijiiiiiiiiiii~~~~~~~~~.~~~~:~~~:~~ i,ltni:dlahl;o;l;.am:et~~~~~~f~~~~~~~~~~~~~~~~~~~~~~~ ;$ : : :: :_, ....................................... :::::::::..:::. ..:::::::: :.:::::.::::::::.,- ‘:.:-’ ......................... :..:::::.:...:..:::::: ......................... ::::::::,:: .... ::::::::: :iiiJI:i_::_j:j :::. .. . :.:: ............. .::: ... :::::: 

6 GeV‘Single Pass Energy 
Recovery Lime 
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Brightness comparison: NSLS today 
(0.32A) vs. new linac injector (0.2A) 

“; Id1 
-4 1P 
. 1o’p s 
h s ? mu 
% t 10” 
2 3 0 1P 0 8 v1 lo= 
i s 00 10” ‘E: a 

IOU 100 e” IOLCV 
Photon energy 



LCLS Will Create Excitation Levels That Are 
Observable in Emission 

l Schematic experiment 

. t = 0 laser irradiates Al dot 

l Simulations 

Obsenre emission with 
x-ray streak camera 

LCLS tuned to 1869 eV 

. t = 100 ps LCLS irradiates plasma 

1200 1600 2000 2400 

Experiment 2: XPCS Usin$ Split Pulse 

In picoseconds - nanoseconds range: 
Uses high peak brilliance 

sample 

I-L 

splitter 

_3 

transversely coherent 
‘. ‘\ 

X-ray pulse from LCLS variable delay At ‘-. 

lOpsa 3mm 
sum of speckle patterns 

from prompt and delayed pulses 
‘-iii 
-E 

Analyze contrast recorded on CCD 

2 a?9 A0 
0 
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Warm Dense 
Matter 

Biomolecules 

Nanoscale 
Dynamics 

Femtochemistry 

Energy 
Recover 
Li nac 

probe 

only 

no 

start 

start 

LCLS 
XFEL 

start 

Summary,. ’ 

Maintain the NSLS as an intellectual 
center. 

- 

Start science based access. 

Develop a detailed plan for a 
new source based on an energy 
recovery linaq. 

t-WIG 
XFEL 
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6 GeV Single Pass Energy 
Recovery Linac 

BENDS 

m 
Bunch 

HG FELS Compressor f . 

Injector 

2.8 Ge’;/ Single Pass Energy 
Recovery Linac 

HG FELS 
Photo 

Injector 
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7 GeV Multi-Pass Energy Recovery 
Linac 

Small Gap IDS 
- - - - I  

6. WAR 

RING 

Injector 

. 


